This paper presents a new model of parallel manipulator for manufacturing, whose mechanism comes from the general Stewart platform which has the advantages of high rigidity and high load capacity. A scheme of the link mechanism is also proposed to make the link structure very simple. The mechanism parameters are optimized by workspace analysis of the parallel mechanism. With the view of kinematics equivalence between parallel mechanism and serial mechanism, by way of hypothesis serial mechanism and branch hypothesis serial mechanism, an efficient kinematics algorithm has been developed. The problem, derived motion produced by the link structure, has also been solved conveniently.
Introduction
Industrial robot manipulators have been widely used in the field of painting, welding, assembling and dangerous environments, but few of them can be used for manufacturing, such as milling and grinding. The main reason is the view of bionics and the goal of flexibility, robots take the form of man's arms and their mechanisms are serial linkages which are inherently not very rigid and have poor dynamic performance at high dynamic loading operating conditions [2] . Fortunately, parallel platforms are attracting more and more attention of robot researchers, because of the advantages as compared to the traditional serial manipulators: more rigidity and accuracy due to the lack of cantilever-like structure, high force and torque capacity for the number of actuators as the actuators are arranged in parallel rather than in series, and relatively parallel manipulators have potential applications where the dynamic loading is severe and high speed and precision motion are of primary concerns [9] .
As we know, the traditional architectural model of the machine tool is facing more and more challenges. The concept of flexibility is considered to be the most important factor with respect to the classical system. Even 0. Garro states that "machine tool concept is becoming vague and seems to be disappearing with the emergence of integration within the workshop or flexible concept" [3] .
As result of combination of the above view of robot researchers and machine tool researchers, a prototype of a parallel manipulator for manufacturing, looking like a flexible cell, has been developed in Robotics laboratory shenyang Institute of Automation Chinese Academy of Sciences. In fact, some machine tool researchers have mentioned the advantages of the parallel mechanism regarded as the mechanism of high speed machine tool, and various types of such parallel manipulators have been developed in recent years [4] . Coma Company in Italy has made a three degree-of-freedom(D0F) parallel platform for manufacturing. Ingersoll, Gidings 8 Lewis in U.S.A., Lapik company in Russia, Toyota in Japan and so on have all developed their own parallel structural CNC machine This paper highlights the mechanism design and kinematics of our prototype which is based on a six DOF general Stewart platform. Section two describes the parallel mechanism. section three design of the prototype, section four the kinematics of parallel mechanism, section five the kinematics of the prototype. At last, section six is the conclusion.
Parallel Mechanism
For hundred years, a camera tripod, a typical parallel mechanism, has been used as photograph auxiliary apparatus. In this paper, another typical parallel mechanism, a six DOF Stewart platfom, is under discussion. Shown in Fig.1 universal joints. With the link lengths changing, the mobile can be manipulated and the tool changes its position and orientation with respect to the base.
Compared to that of a classical machine tool, the kinematics of the parallel manipulator is more complex. In general, The kinematics includes two aspects: forward kinematics and inverse kinematics. Of particular interest here is that, whereas in serial mechanism, the forward kinematics problem is easy and the inverse kinematics problem is challenging, the converse is true of parallel mechanism. And an efficient algorithm of kinematics is discussed in section four. mobile ( 60" 40' 700-950mm 800mm 60" 40" 700-1100mm
The purpose of this design is to construct a parallel manipulator for milling. The position workspace is (~3 8 0 x 200mm. Because of mechanical limits on the passive joints, the angle between the normal of the mobile and the Z-axis forward direction is 0 -20". In order to simplify the structure, if every two links is a pair, then the three pairs are symmetric by 120".
Mechanism Workspace Analysis
In fact, the workspace of the parallel mechanism has been investigated and some effective algorithms have been developed (6] [q. But these algorithms are relatively complex. In this paper, a simple algorithm of workspace based on the inverse kinematics of parallel mechanism is proposed.
Assuming that the orientation matrix of the mobile To design a parallel manipulator, the key component parts are links. In our experiment link structure was designed as shown in Fig.5 . The three gears represent a universal joint, on the other hand have the function of transmitting the motion from motor to the ball screw. The ball screw meets the requirement of accuracy and is regarded as a cylinder joint. Connecting the mobile and the link is a universal joint. In fact, the cylinder joint and the latter universal joint can be regarded as the ball joint and the prismatic joint as the Fig.1 In the past decades, the kinematics of a general Stewart platform has been extensively studied. The approach of the kinematics can be divided into two aspects. One suggested method is using extra sensors to make it easy and another method is trying to find all the roots of the nonlinear equation [5] [~ [9] [11]. But to the authors' knowledge, M.Y. Zhao proposed a relatively efficient way to solve the problem(l21. The main idea is that: with the view of kinematics equivalence between parallel mechanism and serial mechanism, a hypothesis serial mechanism which is kinematically equivalent to parallel mechanism is used to build the iteration algorithm which is based on the hypothesis serial mechanism's coordinates [Q] . It can be shown in Fig.6 . 
where J, is the Jacobian matrix.
coordinates, then:
In equation (a), L,o is an unit vector of L, . Then:
From (5) and (9), based on Newton iteration equation, (10) can be deduced: With the structure mentioned above, the changes of position and orientation of mobile follow some extra changes of link lengths, which are called the derived rotations. Apparently, the three derived rotations are angles around the link frame axes Zil,Zi2 and Zi4 respectively. Now the key problem is how to eliminate the effect of them. So the six links are also regarded as six branch hypothesis serial mechanism as shown in Fig.7 . The total derived rotation of Rh link is
where i=1,2, ... 6,j=1,2,4, S is the screw-pitch of the ball screw, [ c ] is the real length of the motor rotation.
Equation ( means the length should be compensated and the theoretical length is [ L~ 1. Now we can solve the kinematics problem of our prototype with theoretical length [ L, ] and equations (2) (5) (9) and (10).
According to above analyses, the simulation and experiment results show that this algorithm can avoid multi-solution, spend less time and be easily carried out.
Conclusion
From the view of simple structure and large workspace, a parallel manipulator for milling has been designed. Although the link structure leads to the problem of derived rotations, we introduce the hypothesis serial mechanism and hypothesis branch serial mechanism, which make it possible to solve the kinematics problem by iteration algorithm. In addition, we are doing our best to realize the function of milling.
